. (1971). Brit. J. industr. Med., 28, 179-185. Effects of chrysotile and acid-treated chrysotile on macrophage cultures. The addition of chrysotile asbestos to monolayer cultures of peritoneal and alveolar macrophages produces an increase in membrane permeability, as measured by eosin uptake and lactic dehydrogenase activity of the supernatant fluid. The lactate synthesis is increased, however. It is suggested that the permeability of the cell membrane is increased while dust particles are being phagocytosed, which may take several hours when the particles are fibrous, but that this does not imply cell damage.
Quartz particles that have been inhaled are phagocytosed by macrophages in the lung. The particles exert a cytotoxic effect and pulmonary fibrosis follows the death of macrophages. Macrophage cultures have been used to study the cytotoxicity of quartz and the ability of certain organic polymers to counteract its toxicity. Three tests that may be used are (1) the viability test, in which the uptake of acid dyes by macrophages is determined, (2) the estimation of lactic dehydrogenase (LDH) activity in the culture fluid, and (3) measurement of the rate of lactate synthesis by the cells.
If a substance exerts a toxic effect on a cell, the cell membrane becomes more permeable so that acid dyes will pass into the cell and enzymes are released (Beck, 1968) ; decreased metabolism is shown by a decrease in the rate of lactate synthesis. An inert dust (e.g., corundum) affects viability and LDH values only slightly and it increases the rate of lactate synthesis because the work done in phagocytosing the particles increases the metabolic rate (Beck, 1968) . Beck, Bruch, and Brockhaus (1963) showed that poly(2-vinyl-pyridine 1-oxide) (PVNO) reduced or even abolished the cytotoxic action of quartz particles on macrophage cultures.
The published results on the effects of asbestos on cell cultures are confusing. Beck, Sack, and Bruch (1967b) found no cytochemical, optical or electron microscopical evidence of cell damage when chrysotile and other types of asbestos were incubated with mouse fibroblasts. Sack (1967) , who used monolayer cultures of mouse fibroblasts (cell-line L), and peritoneal macrophages from the guinea-pig, and Beck (1970) , who used alveolar macrophages from the guinea-pig, were unable to show any certain cytotoxic effects when asbestos was added although some differences were observed. Pernis, Vigliani, Marchisio, and Zanardi (1966) found no damage to mouse fibroblasts (cell-line L), KB-cells, and peritoneal macrophages of guinea-pigs, and no effect on the metabolic activity of the cells as judged by lactate production.
However, Parazzi, Pemis, Secchi, and Vigliani (1968) found that, three methods (loss of fluorochromasia, LDH activity, and lactate production) agreed in showing that chrysotile and crocidolite asbestos have a strong and rapid cytotoxic action on macrophages. Koshi, Hayashi, and Sakabe (1968) obtained confusing results: some asbestos samples affected macrophage cultures, others did not. This paper describes the effects of chrysotile asbestos on cultures of peritoneal and alveolar macrophages as judged by the viability, LDH, and lactate tests. The effects of chrysotile that had been modified by treatment with acid were also examined. This acid-treated asbestos and the original sample were treated with PVNO and further tests were made with these samples.
In treating the chrysotile with PVNO, the object was to deposit a complete monolayer of the polymer on the asbestos surface. With this object, the adsorption of the polymer on asbestos and the acid-treated asbestos was studied.
Materials Dusts
A high-grade Rhodesian chrysotile that had been opened in the mill of a dust tunnel (Holt, Mills, and Young, 1964) was used. For the adsorption measurements part of this sample was allowed to stand in water and another part in 0 IM hydrochloric acid for one week. The quartz sample was the commercially available Dorentruper powdered crystal quartz DQ 12, specific surface 5 7 m2/g, particle size <3 Hm.
The control dust was the commercially available corundum (Al08) Maxalun, specific surface 1-5 m2/g, average particle size 3 ,um.
Methods
Adsorption of PVNO on chrysotile and acid-extracted chrysotile Stoppered tubes, each containing 0-1 g of asbestos and 20 ml of various concentrations of an aqueous solution of the polymer, were shaken in a thermostat for 24 hours at 25°C. The contents of the tubes were then filtered. The concentrations of the polymer in the filtrates were determined by measuring the ultraviolet absorption at 260 nm. The weights of polymer adsorbed at each concentration were plotted against the weights of polymer in the original solutions (Fig. 1) .
On the basis of these results, the polymer-coated chrysotile and acid-extracted chrysotile used in the cell tests were prepared by equilibrating 1 g of asbestos with 0-4 g of PVNO in 200 ml of water, this being more than that required to produce a monolayer.
Cell tests Monolayer cultures of guinea-pig peritoneal and alveolar macrophages were prepared by the technique described by Beck (1968; 1970) . The macrophages were collected in NCTC 109 medium (Disco Laboratories, Detroit, Michigan) and cooled in an ice-bath. The cells in the pool were counted in a haemocytometer and aliquots of the culture were transferred to Leighton tubes ( Control experiments in which quartz, corundum or no dust was added were run simultaneously with each group of tests. LDH was determined by the method of Wieland and Pfleiderer (1957) and lactate enzymatically by the method of Horn and Bruns (1956) .
In each series of experiments the fluid from a tube was collected 3, 6, and 20 hours after the addition of a dust. After the same intervals the cells on the cover-slips in the Leighton tubes were stained with eosin-Y (Hanks and Wallace, 1958) particles, show vacuolization of cytoplasm, rounding of the cell shape, and finally the destruction of the cell with pyknosis of the nucleus and disintegration of the cellular membrane. One of the first signs of the toxicity of silica is the alteration in the permeability of the cell membrane which can be estimated by a number of methods: eosin-Y stains damaged cells, enzymes leak from the cells into the supematant fluid, and metabolic activity is depressed, as is apparent in a reduction in the rate of lactate synthesis. Phase contrast microscopy is especially convenient for demonstrating the cytotoxic action of I I f f i . silica, and it also clearly shows the intact appearance of the PVNO-protected cells.
Previous attempts to answer the question whether chrysotile asbestos has similar cytotoxic action to quartz have led to anomalous results. In the earlier experiments of Beck and his colleagues(1967b)andof Sack (1967) , monolayer cultures of peritoneal macrophages showed no acute cell damage detectable by morphological or cytochemical changes after 20 hours, neither did cells of line L incubated with the dust for three days or eight weeks. There was, however, an arrest of multiplication; after the addition of asbestos (240 to 2 400 ,ug/106 cells) the count was only 40 to 50 % of that of the untreated or corundum-treated controls. About 10% of the peritoneal macrophages in the control cultures stained with eosin-Y after 20 hours but 50 to 60% of those incubated with chrysotile and 100% of those incubated with quartz were stained. These results were confirmed by other morphological and biochemical criteria. The cells incubated with asbestos resembled the untreated controls in showing no diminution in oxygen consumption or lactate synthesis.
This paper gives confirmatory evidence of the effects of chrysotile on monolayer cultures of peritoneal macrophages and shows similar but more evident effects on alveolar macrophages. Four experiments with alveolar macrophages show the same result: eosin-Y uptake and lactic dehydrogenase release is increased by chrysotile as it is by quartz but the lactate production is increased by chrysotile whereas it is decreased by quartz. The tests with peritoneal macrophages are similar but less significant.
The absence of a decrease in the rate of lactate production agrees with the morphological and cytochemical evidence that the chrysotile is not acutely cytotoxic under conditions described in this and in previous papers (Beck et al., 1967b; Beck, 1970) .
When the peritoneal macrophages are stained for acid phosphatase 20 hours after incubation with chrysotile has begun, the cells are seen to be actively enclosing the asbestos fibres in lysosomes, which are arranged like a string of beads along the intracellular fibres (Beck et al., 1967b; Beck, Bruch, and Sack, 1967a) . There is no sign of the cell damage found after exposure to quartz. Furthermore, no damagecan be demonstratedby electron microscopy.
It seems probable that the demonstrable increase in permeability of the cells during the incubation with chrysotile occurs during the phagocytosis of the fibres. While a particle that is approximately spherical is rapidly ingested, the ingestion of a fibre may take many hours, during which time the cell membrane may have a high permeability. For a longer time longer fibres remain partially extracellular and, while this condition lasts, cell constituents will diffuse out.
The surface of natural chrysotile probably consists mainly of magnesium ions but partly of silica and, when the asbestos is extracted with acid, magnesium ions are removed leaving a predominantly silica surface (Clark and Holt, 1960, 1961) . The form of the adsorption isotherms suggests that the PVNO is adsorbed on the silica sites.
Both the viability and the LDH tests indicate that there is a larger increase in membrane permeability when the acid-treated asbestos is added, to either alveolar or peritoneal macrophages, than when the macrophages phagocytose untreated chrysotile. Lactate synthesis is reduced. This indicates that the acid-treated material increases the permeability of the cell wall to a greater extent than untreated chrysotile, and it is apparently more toxic to cells than is the untreated chrysotile.
In numerous tests it has been proved that, when PVNO and quartz are added together to a cell culture, the quartz behaves as if it were an inert dust, showing little or no cytotoxicity. Chrysotile that had been pre-treated with PVNO produced approximately the same changes in viability test, lactic dehydrogenase release, and lactate synthesis as did untreated chrysotile, and acid-treated chrysotile pre-treated with PVNO gave similar results. Apparently any increase in toxicity caused by the conversion of the chrysotile surface to a silica surface is reversed by PVNO.
One of the early effects resulting from the introduction of chrysotile, amphiboles or glass fibres into the lung is the diapedesis of erythrocytes through the walls of capillaries near to fibres (Botham and Holt, 1968) . The observations discussed in this paper show that the act of phagocytosis results in increased permeability of the cell-membrane of the phagocytic cell and it would agree with our observation if the substance affecting capillary permeability were a substance which leaked from the macrophage during the process of phagocytosis. If this were so, it would be expected that some diapedesis of red cells from capillaries would occur during the phagocytosis of any dust but, because the morphology of fibres results in a prolonged period of ingestion, many more erythrocytes would be lost from the capillaries when fibrous dusts are ingested by macrophages. An examination of histological sections of lungs from animals which had inhaled silica dust shows that there is indeed some loss of erythrocytes from capillaries; a few small areas near to the dust give a positive Perls reaction, but the effect is incomparably smaller than when a fibrous dust is inhaled. References Beck, E. G. (1968) . Zytologische Untersuchungen fiber die Partikelaufnahme in vitro. Ein Beitrag zur experimentellen Hygiene. Habilitationsschrift Dusseldorf University.
